The Bethe-Salpeter equation studied in this paper describes the interaction of two scalar particles via the exchange of a third scalar particle in the ladder approximation. The properties of the Green's function and the potential in coordinate space are shown to permit a Wick rotation to an imaginary time variable, without appeal to information not contained in the original equation. The resulting four-dimensional (Euclidean) wave equation has a solution which grows exponentially for large time-like distances but behaves as an ordinary Schrodinger scattering wave for large space-like distances. A modi6cation of the Schwinger variational principle is used to obtain, with a modest use of computing machinery, scattering phase shifts for various angular momenta and for energies below the inelastic threshold. The success of these calculations indicates that the Bethe-Salpeter equation can be accepted as a powerful and practical tool for the study of strong-interaction dynamics.
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integral version of the Schrodinger equation: p(r) =iso(r)+ dr'Ge(r, r') V(r')p(r'), (1.1) tr 2nt) et&l& -r'I Ge(r, r') = -&4sr) [r -r'( (1.2) +(xlpx2) +0(xr)x2)+ Gr(xlyxr ) XG2(x2)x2 )1(xr x2 i xr x2 )+(xr yx2 )
X dxr'dxs'dxr"dx2", (1.3) xl= (rr tl) x2 (r2 l2)@ (xr,x2) is the two-body wave function which determines the joint probability that the two particles may be found at the points r~, r2 at the times tj and t2. For tl= t2, we have the "equal times wave function" which has the meaning of a Schrodinger wave function and from whose asymptotic form (~r r -r2(~c o ) the scattering amplitude may be inferred. The Green's functions Gr(xr, xr') and G2(x2, x2') describe free relativistic propagation with the causal boundary conditions.
In 6eld theory or in S-matrix theory, the interaction / is usually understood to represent a sum of irreducible Feynman graphs contributing to the interaction of the two particles. But owing to uncertainties about the completeness of these theories at the present time, 1454
With it (r), V(r), and Ge(r, r') interpreted, respectively, as the position probability amplitude, the interaction, and the free propagator, this equation 
Working in the center-of-mass coordinate frame we can write Applying the above forms, we obtain the starting equation in its differential form: Salpeter, ibid. 97, 1146 Salpeter, ibid. 97, (1955 . 'R. Karplus and A. Klein, Phys. Rev. 87, 848 (1952) ; T.
I ulton and P. C. Martin, ibid. 95, 811 (1954 Further insight into the structure of G(x, x') is obtained by asking for the nonrelativistic limit of the Green's function. Looking at (2.13) or (2.14), we are led to consider the infinite integral over the parameter P. Thus, making the separation f(k'~k)= Sm. E d'x'e-" "I(x')P(x'). (2.21) [That (2.21) IC=k&+k2 and is purely space-like in the two-particle center-ofmass frame. However, as the text shows, there is no need to specify p&, p& so long as (2.2) is obeyed.
A simple way to understand why the erst term of (2.18) is time independent is to note that the corresponding integral over (dPd4P) is invariant in a Ave-dimensional space, with p a fourth spacelike dimension. The integral must then depend only on the invariant )r -r')'+(t -t')' -(t -t')'.
SCATTERING KITH THE BETHE -SALPETER EQIIATIOiil 1457
The interaction (1.5) can be expressed, using (A7), as proportional to the real exponential factor (2.22) M[r'[ sins'-(&r) P(r)~e sk. r+ (2.36) IR-R'I = I Ir -"I'+(r -r')'3'" 0= (fi' -')'". (2»)
The differential form of this equation is 
e ex ressed in the form how that it can be expresse in (3.1), and show 
(3.11)
The partial-wave expansion proceeds as with the Schrodinger problem: wave function has a very asymmetric (in r, r) asymptotic behavior. In Table I In Table III Fig. 3) is passing through x on its return toward zero as k~~. The p-wave cross section in Fig. 5 shows a large peak at low energy. However, in standard parlance, this is not really a resonance, since h (see Fig. 4) Table II , we see that, in going from l= 2 to l= 3, the ratio of X* values increases by 2.8, and from l=3 to l=4 by 2.3. The accuracy of the Born approximation (judged by R& -1 from Table IV) k4, and these two forces working against each other produce the large peak seen in Fig. 5 .
Contributions from l=2 and l=3 are also shown in Fig. 5 , and these are seen to be rather small. In Table   0 coupling strengths and for exchanged-particle mass M=1.
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SCATTERING KITH THE BETHE -SALPETER EQUATION To obtain the unitarity condition, first consider X~and Xs (we use now a more compact notation):
Xs= (~~I VH*V~. ) = (( -e'""+ e ")I V~.)
Invoking (E), we have
By setting r -+ -r in (B) and using (C), we obtain the parity property (J) Setting x-+ -x in (B) and comparing with (I),
For brevity, we shall write (pk(x) for qk( -x) and ((pI1t)= -d4x y*(x)P(x).
We also note X(e-'&"'I V~k). (411) The desired condition then follows: 
